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Description 

OPTICAL FINGERPRINT SENSOR WITH 
VARIABLE RESISTORS 

Background of Invention 
[0001] 1. Field of the Invention 

[0002] The invention relates to a fingerprint sensor, and more 
particularly, to an optical fingerprint sensor with variable 
resistors. 

[0003] 2. Description of the Prior Art 

[0004] Please refer to Fig.l, Fig.l shows a functional diagram of 
conventional fingerprint sensor 10. The fingerprint sensor 
10 is a capacitive fingerprint sensor that senses finger- 
prints by detecting changes of capacitances. The finger- 
print sensor 10 comprises a detecting and processing cir- 
cuit 12 and a sensing area 14. When a user fingers the 
sensing area 14, the related circuits of sensing area 14 
produce corresponding signals in accordance with the fin- 
gerprint and transfer the signals to the detecting and pro- 



cessing circuit 12 to analyze and identify. 
[0005] Fig. 2 is a circuit diagram of tlie sensing area 14 in Fig.l. 
The sensing area 14 comprises a plurality of sensing units 
16 arranged in matrix. Each of the sensing units 16 is 
used for sensing the texture of a fingerprint on the corre- 
sponding position and comprises a transistor 18 and a 
detecting capacitor Cf. When the sensing area 14 acts, the 
source S of the transistor 18 is given a detecting signal 
Vsl or Vs2. When the user fingers the surface of the sens- 
ing area 14, the capacitance of the detecting capacitor Cf 
is changed. As the capacitance of the detecting capacitor 
Cf is changed, the gate voltage of the transistor 18 is also 
changed with capacitive coupling effect. The variationAVg 
of the gate voltage of the transistor 18 is decided by the 
capacitance of the detecting capacitor Cf and is showed 
as: 

[0006] AVg=Vs-Cgs/(Cgs+Cf) 

[0007] where Vs is the voltage value of the detecting signal Vsl 
or Vs2; 

[0008] cgs is the parasitical capacitance between gate G and 

source S of the transistor 18; and 
[0009] Cf is the capacitance of the detecting capacitor. 



[0010] The variationAVg of the gate voltage of the transistor 18 
directly influences the electric current I which flows 
through the transistor 18. The detecting and processing 
circuit 12 identifies the fingerprint in accordance with the 
variation of electric current I. However, detecting the vari- 
ation of electric current I to identify the users fingerprint 
is usually interfered with by the leakage current of the ad- 
jacent transistor 18 and limits the accuracy. 
Summary of Invention 

[0011] It is therefore a primary objective of the claimed invention 
to provide an optical fingerprint sensor that identifies a 
fingerprint by detecting the variation of voltage to solve 
the above-mentioned problem. 

[0012] According to the claimed invention, a fingerprint sensor 
includes a detecting and processing circuit anda plurality 
of sensing units. Each of the sensing units has a switch 
element, a first resistor, and a second resistor. The switch 
element includes a first terminal, a second terminal, and a 
third terminal. The first terminal is connected to a switch 
terminal, the third terminal is connected to the detecting 
and processing circuit, and the switch element is turned 
on/off by the switch terminal. The first resistor has a first 
terminal connected to the second terminal of the switch 



element, and a fingerprint influencesan intensity of liglit 
illuminating the first resistor so that resistance of the first 
resistor and a voltage level of the second terminal of the 
switch element are changed. The second resistor has a 
first terminal connected to the second terminal of the 
switch element and the resistance of the second resistoris 
fixed. When the switch elements are turned on, the de- 
tecting and processing circuit analyzes the fingerprint ac- 
cording to the voltage levels of the second terminals of 
the plurality switch elements. 
[0013] These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art 
after reading the following detailed description of the pre- 
ferred embodiment that is illustrated in the various fig- 
ures and drawings. 
Brief Description of Drawings 

[0014] Fig.l is a functional diagram of the capacitive fingerprint 
sensor according to prior art. 

[0015] Fig. 2 is a circuit diagram of a sensing area of the finger- 
print sensor shown in Fig.l. 

[0016] Fig3 is a functional diagram of the resistive fingerprint 
sensor according to present invention. 

[0017] Fig. 4 is a diagram representing sensing a fingerprint with 



the fingerprint sensor shown in Fig. 3. 

[0018] Fig. 5 is a circuit diagram of an optical sensing area shown 

in Fig. 3. 
Detailed Description 

[0019] Fig. 3 is a functional diagram of a fingerprint sensor 50 

according to present invention. The fingerprint sensor 50 
is a resistive fingerprint sensor that senses fingerprint by 
detecting the variation of voltage. The fingerprint sensor 
50 comprises a detecting and processing circuit 52 an- 
danoptical sensing area 54. The optical sensing area 54 
comprises a plurality of sensing units; each of the sensing 
units comprises a variable resistor whose resistance is 
changed with the intensity of light. 

[0020] Please refer to Fig. 4. Fig. 4 is a diagram representing sens- 
ing a fingerprint 62 with the fingerprint sensor 50 shown 
in Fig. 3. When sensing the fingerprint 62, the fingerprint 
62 is first formed on a transparent material 60. The trans- 
parent material 60 is then illuminated with the light 64 to 
influence an intensity of light illuminating on the optical 
sensing area 54. The variable resistors of the sensing 
units in the optical sensing area 54 have resistances cor- 
responding to different intensity of light. After being illu- 
minated by the light 64, the plurality of sensing units out- 



put voltage signals to the detecting and processing circuit 
52. The voltage signals correspond to the resistances of 
the variable resistors. By receiving the voltage signals, the 
detecting and processing circuit 52 can identify the fin- 
gerprint 62 on the transparent material 60. 
[0021] Please refer to Fig. 5. Fig. 5 is a circuit diagram of the opti- 
cal sensing area 54 shown in Fig. 3. The optical sensing 
area 54 comprises a plurality of sensing units 40, each of 
the sensing units 40 is electrically connected to a first ref- 
erence terminal 42 and a second reference terminal 44, 
and each of the sensing units 40 comprises a first resistor 
Rl, a second resistor R2, and a transistor 56 acting as a 
switch element. The first resistor Rl and the second resis- 
tor R2 are electrically connected to the first reference ter- 
minal 42 and the second reference terminal 44 in series. A 
second terminal of the first resistor Rl is electrically con- 
nected to the first reference terminal 42 and a second ter- 
minal of the second resistor R2 is electrically connected to 
the second reference terminal 44. The first resistor Rl is 
an optical variable resistor whose resistance changes with 
the intensity of light. The first resistor Rl is manufactured 
from amorphous silicon. When the intensity of light illu- 
minating on the first resistor Rl becomes stronger, the 



resistance becomes lower, and when the intensity of light 
illuminating on the first resistor Rl becomes weaker, the 
resistance becomes higher. The resistance of the second 
resistor R2 is fixed and is not influenced by intensity of 
light. The second resistor R2 is manufactured from indium 
tin oxide (ITO). 

[0022] In this embodiment, the transistor 56 is a metal-oxide 

semiconductor (MOS) transistor comprising a first terminal 
G as a gate, a second terminal S as a source, and a third 
terminal D as a drain. The gate G of the transistor 56 is 
connected to a switch terminal 46, and the transistor 56 is 
turned on/off by the switch terminal 46. Normally the 
switch terminal 46 is floatingly connected and the transis- 
tor 56 is turned off. When a switch voltage Vsl, Vs2, Vs3 
or Vs4 is given to the switch terminal 46, a channel is 
formed in the transistor 56 and conducts the source S and 
the drain D. Additionally, the source S of the transistor 56 
is connected to the first resistor Rl and the second resis- 
tor R2, and the drain D is connected to a corresponding 
output terminal 48. 

[0023] When the transparent material 60 is placed on the optical 
sensing area 54 to sense the fingerprint 62, a first prede- 
termined reference voltage Vrefl is connected to the first 



reference terminal 42, and a secondpredetermined refer- 
ence voltage Vref2 is connected to the second reference 
terminal 44. The voltage level of the first predetermined 
reference voltage Vrefl is different from the voltage level 
of the second predetermined reference voltage VrefZ. So, 
the voltage Vs of the source S of the transistor 56 is 
shown as: 
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[0024] where rl is resistance of the first resistor Rl and r2 is re- 
sistance of the second resistor R2. 

[0025] Since the fingerprint 62 shields portions of the light 64 il- 
lumination, the resistance of the first resistor Rl of the 
sensing unit 40 is variable. The resistance of the first re- 
sistor Rl that is shielded by the fingerprint 62 is higher 



than the resistance of the first resistor Rl that is un- 
shielded. The fingerprint 62 influences the intensity of 
light illuminating each of the first resistors Rl, so the re- 
sistance rl of each of the first resistors Rl is variable ac- 
cording to the fingerprint 62. Besides, as the above- 
mentioned formula shows, the first predetermined refer- 
ence voltage Vrefl, the second predetermined reference 
voltage Vref2, and the resistances rl, r2 decide the volt- 
age Vs of source S of transistor 56. The resistance r2 is 
fixed and the voltages Vrefl and Vref2 are predetermined, 
so the voltage Vs decides the intensity of light illuminat- 
ing on the first resistor Rl. The voltages Vs of transistors 
56 show an arrangement of texture of the fingerprint 62. 
The detecting and processing circuit 52 can identify the 
fingerprint 62 in accordance with the voltages Vs of the 
plurality of transistors 56. 
[0026] When the fingerprint 62 changes the voltages Vs of a plu- 
rality of transistors 56, the detecting and processing cir- 
cuit 52 gives a switch voltage Vsl, Vs2, Vs3, or Vs4 to the 
gates G of transistors 56 through the switch terminals 46 
to turn on the corresponding transistors 56. After turning 
on the transistors 56, the voltages of sources S change 
the voltages of the drains D of transistors 56. The volt- 



ages of the drains D of turned-on transistors 56 also 
siiow an arrangement of texture of tlie fingerprint 62. Ad- 
ditionally, the detecting and processing circuit 52 detects 
the voltage of the drain D with the output terminal 48 and 
analyzes the arrangement of texture of the fingerprint 62 
in accordance with the voltages of the drains D to identify 
the fingerprint 62. For avoiding interference of the volt- 
ages of the drains D, the switch voltages are only given to 
the transistors 56 in same row at the same time. 
[0027] Compared to the conventional capacitive fingerprint sen- 
sor, the resistive fingerprint sensor comprises a detecting 
and processing circuit and a plurality of sensing units. 
Each of the sensing units comprises a switch element, a 
variableresistor, and a fixedresistor. The resistance of 
thevariableresistor is influenced byan intensity of light il- 
luminating the variable resistorand changes the output 
voltage of the switch element. The detecting and process- 
ing circuit senses an arrangement of texture of the finger- 
print by detecting the output voltage. Additionally, the re- 
sistive fingerprint sensor of present invention senses the 
fingerprint by detecting the output voltage so the problem 
of being influenced by leakage current is overcome. The 
sensitivity and accuracy of the resistive fingerprint sensor 



is greater than that of capacitive fingerprint sensor. 
[0028] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



